Objective: Consuming a variety of fruit and vegetables provides many different micronutrients and bioactive compounds. Whether this contributes to the beneficial association between fruit and vegetables and incident CHD and stroke is unknown. Design: Prospective population-based cohort study. Setting: The Netherlands. Subjects: Men and women (n 20 069) aged 20-65 years. Participants completed a validated 178-item FFQ, including nine fruit and thirteen vegetable items. Variety in fruit and vegetables was defined as the sum of different items consumed at least once per 2 weeks over the previous year. Hazard ratios (HR) for variety in relation to incident CHD and stroke were calculated using multivariable Cox proportional hazards models additionally adjusted for quantity of fruit and vegetables. Conclusions: More variety in fruit and vegetable consumption was associated with higher intakes of fruit and vegetables and micronutrients. Independently of quantity, variety in fruit and vegetables was related neither to incident CHD nor to incident stroke.
Not only total fruit and vegetable consumption, but also variety of fruit and vegetables could be important for cardiovascular prevention. Consuming a variety of fruit and vegetables provides many different micronutrients and bioactive compounds that may underlie the observed inverse associations with CVD (1) (2) (3) (4) . Findings of randomized controlled trials showed that increasing fruit and vegetable intakes effectively increased plasma levels of carotenoids and vitamin C (5) (6) (7) . However, intervention studies focusing on single nutrients abundant in fruit and vegetables failed to demonstrate beneficial effects on CVD (8, 9) . Eating more fruit and vegetables may therefore be cardioprotective through various mechanisms. There is evidence from intervention studies that a diet rich in fruit and vegetables may favourably affect blood pressure levels (7, 10) . Possibly, the combined or even synergistic effects of different bioactive components in their natural food matrix may be important in the prevention of CVD (11) . In this context, the 2010 Dietary Guidelines for Americans recommends besides a diet rich of fruit and vegetables, also to choose a variety daily (12) . Different aspects of fruit and vegetable consumption, e.g. amount, processing, colour and variety, may contribute to the inverse association between fruit and vegetables and incident CHD and stroke. Previously, we found that both raw and processed fruit and vegetables and deep orange fruit and vegetables may protect against CHD (13, 14) . With regard to stroke, inverse associations were observed for intake of raw and white fruit and vegetables (15, 16) . To the best of our knowledge, there are no previous prospective cohort studies that have yet evaluated associations between fruit and vegetable variety and the risk of incident CHD and stroke. Results from a cross-sectional study showed that fruit and vegetable variety but not quantity was associated with less inflammation and with a lower risk of CHD using the Framingham Risk Score (17) . In cancer research, several prospective cohort studies have investigated the importance of variety in fruit and vegetables, but no associations were observed between variety in fruit and vegetables and incidence of total cancer or subtypes (18) (19) (20) (21) . Inverse associations were found only between vegetable variety and total cancer and non-lung epithelial cancer (19) . In the present study, we examined the associations between variety in fruit and vegetable consumption with 10-year incident CHD and stroke in a population-based cohort study in the Netherlands.
Materials and methods

Study population
The present study was conducted in a Dutch populationbased cohort of men and women aged 20 to 65 years: the Monitoring Project on Risk Factors and Chronic Diseases in the Netherlands (MORGEN) Study. The baseline measurements including dietary assessment were carried out between 1993 and 1997 (22) . The Medical Ethics Committee of the Netherlands Organization for Applied Scientific Research (TNO) approved the study protocol and all participants signed informed consent. Of 22 654 participants, we excluded respondents without informed consent for vital status follow-up (n 701), who did not fill out an FFQ (n 72), with reported total energy intake ,2094 or .18 844 kJ/d for women or ,3350 or .20 938 kJ/d for men (n 97), with prevalent myocardial infarction or stroke (n 442) and those with self-reported diabetes or using lipid-lowering or antihypertensive drugs (n 1273). This resulted in a study population of 20 069 participants, including 8988 men and 11 081 women.
Dietary assessment
Information on habitual consumption of 178 food items, covering the previous year, was collected at baseline using a validated, self-administered and semi-quantitative FFQ developed for the Dutch cohorts of the European Prospective Investigation into Cancer and Nutrition (EPIC) (23) . Participants indicated their consumption as absolute frequencies in times per day, per week, per month, per year or as never. For several food items, additional questions were included about consumption frequency of different sub-items or preparation method using the following categories: always/mostly, often, sometimes and seldom/ never. Consumed amounts were calculated using standard household measures, natural units or portion sizes indicated by colour photographs. The photographs showed different portion sizes to assess consumed quantities of twenty-one food items, mainly vegetables. Frequencies per day and portion sizes were multiplied to obtain grams per day for each food item. The Dutch food composition database of 1996 was used to calculate values for energy and nutrient intakes (24) . The fruit and vegetables assessed were those commonly consumed in the Netherlands. Fruit and vegetable consumption during winter and summer were assessed separately to take seasonal variation into account. Fruit and vegetable juices and sauces were excluded and we did not consider potatoes and legumes as vegetables, because their nutritional value differs significantly from that of vegetables (24) . The reproducibility of the FFQ after 12 months was expressed as Spearman's correlation coefficients and were 0?76 in men and 0?65 in women for vegetable intake and 0?61 in men and 0?77 in women for fruit (23) . The validity against twelve repeated 24 h recalls varied between 0?31 and 0?38 for vegetables and between 0?56 and 0?68 for fruit.
Variety
The FFQ comprised nine fruit items, seven raw vegetables and thirteen cooked vegetables. Each different fruit or vegetable that was consumed at least once per 2 weeks over the previous year contributed 1 point to the variety score. Several vegetable items that were essentially the same food but appeared in different forms, e.g. raw and cooked carrots, contributed only 1 point if their combined intake was at least once per 2 weeks. Several items were combined in single questions and could therefore not be distinguished from one another, i.e. apples and pears, cabbages, and leeks and onions. Variety scores ranged from 0 to 22 for fruit and vegetables together, from 0 to 9 for fruit, and from 0 to 13 for vegetables.
Risk factors
Body weight, height and blood pressure of the participants were measured by trained research assistants during a physical examination at a municipal health service site. Non-fasting venous blood samples were collected, and serum total and HDL cholesterol concentrations were determined using an enzymatic method. Information on cigarette smoking, educational level, physical activity, use of antihypertensive and lipid-modifying drugs, ever use of hormone replacement therapy and both the participants' and their parents' history of acute myocardial infarction (AMI) were obtained by a self-administered questionnaire. Dietary supplement use (yes/no) and alcohol intake were obtained from the FFQ. Alcohol intake was expressed as the number of glasses of beer, wine, port wine and strong liquor consumed per week. From 1994 onwards, physical activity was assessed using a validated questionnaire that was developed for the EPIC study (25) . Physical activity was defined as engaging in activities with an intensity of $4 metabolic equivalents on at least 5 d/week for at least 30 min.
Ascertainment of fatal and non-fatal events
Information on the participants' vital status up to 1 January 2006 was monitored using the municipal population register. Information on the primary cause of death was obtained from Statistics Netherlands. The hospital discharge register provided clinically diagnosed AMI and stroke admissions. In a validation study, 84 % of the AMI cases in the cardiology information system of the University Hospital Maastricht corresponded with AMI cases identified in the hospital discharge register (26) . CHD incidence was defined as non-fatal AMI event or fatal CHD event. Similarly, incident stroke was defined as non-fatal or fatal stroke event. Fatal CHD as the primary cause of death included codes I20-I25 of the tenth revision of the International Classification of Diseases (ICD-10) and non-fatal AMI comprised code 410 of the ninth revision of the International Classification of Diseases (ICD-9). Fatal stroke comprised ICD-10 codes I60-I67 and I69 and non-fatal stroke including transient ischaemic attack comprised ICD-9 codes 430-438. If the dates of hospital admission and death coincided the event was considered fatal.
Statistical analyses
For each participant we calculated person-time from date of enrolment until the first event (incident CHD or stroke), date of emigration (n 693), date of death or censoring date (1 January 2006), whichever occurred first. Correlations between variety score in fruit and vegetable items and intake of selected foods and nutrients were calculated using the Spearman rank correlation test.
Participants were divided into tertiles of variety scores. We used multivariable Cox proportional hazards models to estimate hazard ratios (HR) for the incidence of CHD and stroke for each tertile of variety compared with the lowest and continuously per increase of 2 or 4 items. The Cox proportional hazards assumption was fulfilled in all models according to the graphical approach and Schoenfeld residuals.
Besides an age-(continuous) and gender-adjusted model, we used a multivariable model that included total energy intake (kJ), smoking status (never, former, current smoker of ,10, 10-19, $20 cigarettes/d), alcohol intake (never, moderate or high consumption, i.e. .1 glass/d in women and .2 glasses/d in men), educational level (four categories), dietary supplement use (yes/no), past or present use of hormone replacement therapy (yes/no), family history of premature AMI (before 55 years of the father or before 65 years of the mother, yes/no) and BMI (kg/m 2 ). Additionally, we extended the model with dietary covariates including intakes of wholegrain foods (g/d), processed meat (g/d) and fish (quartiles) and quantity of fruit and vegetable consumption (g/d). For participants enrolled from 1994 onwards, we evaluated whether physical activity was a potential confounder ('active' being defined as engagement in cycling or sports of $4 metabolic equivalents) by comparing HR with and without adding physical activity to the multivariable model.
Stratified analyses and the log-likelihood test using cross-product terms in the multivariable models showed no evidence for potential effect modification by age (,50 years v. $50 years), gender or smoking status (never including former v. current). Two-tailed P values ,0?05 were considered statistically significant. Analyses were performed using the SAS statistical software package version 9?2 (SAS Institute, Inc., Cary, NC, USA).
Results
Participants with a greater variety in fruit and vegetable consumption were more often women, had a higher educational level, were less likely to smoke, more likely to be physically active and used dietary supplements more often ( Table 1 ). The mean scores for each tertile of variety in fruit and vegetables were 5?7, 10?5 and 15?3, respectively. Fruit and vegetable intake was 2?5-fold higher among participants in the highest compared with the lowest tertile of variety. Variety was strongly correlated with total fruit and vegetable intake (Spearman's r 5 0?81, P , 0?0001) and with fruit intake (Spearman's r 5 0?72, P , 0?0001), and less strongly with vegetable intake (Spearman's r 5 0?53, P , 0?0001). Greater variety in fruit and vegetable consumption was not associated with total energy intake and positively associated with intakes of vitamin C, carotenoids, flavonoids and dietary fibre (Table 2) . Eighty per cent of the population consumed apples and pears, citrus fruit, cabbages and allium vegetables at least once per 2 weeks over the previous year.
During 10 years of follow-up, we documented 245 first cases of CHD of which thirty-four were fatal. Furthermore, 233 first cases of stroke occurred (seven fatal cases) of which 139 were ischaemic, forty-five haemorrhagic and forty-nine other or unspecified strokes. After adjustment for age and gender, variety in fruit (Table 3; were not significantly associated with incident CHD.
After adjustment for age and gender, fruit variety ( Corresponding P values for correlation coefficients were statistically significant (P , 0?0001) except for energy intake (P 5 0?20). Adjustment for total energy intake showed similar Spearman's correlation coefficients except for dietary fibre (r 5 0?42) and K (r 5 0?35).
Public Health Nutrition
Discussion
In the present population-based cohort study of generally healthy men and women, we found that greater variety in fruit and vegetables was associated with higher intakes of particularly vitamin C as well as carotenoids, flavonoids and dietary fibre, but not with energy intake. Variety and quantity of fruit and vegetable consumption were strongly correlated. After adjustment for quantity, we found no relationship between variety in fruit and vegetable consumption and the risk of either incident CHD or stroke.
Public Health Nutrition
Major strengths of the present study are its prospective and population-based study design and large sample size. With respect to non-fatal events, it was shown on the national level that data from the Dutch hospital discharge register can be uniquely matched to an individual for at least 88 % of the hospital admissions (27) . Possible misclassification is expected to be random and not related to fruit and vegetable consumption. Therefore, the strengths of the associations may have been underestimated.
We used a detailed FFQ that was validated for the intake of food groups including fruit and vegetables and they formed the basis for the variety score. Moreover, it was difficult to operationalize variety. First, the FFQ assessed only the intake of fruit and vegetable items that were most commonly consumed in the Netherlands. Second, several fruit and vegetable items were combined in single questions and could not be distinguished from one another. Third, some fruit and vegetables are typically consumed during summer or winter and their consumed frequencies were calculated as frequencies per day during the previous year. Due to these limitations, variety scores could be underestimated which may have led to little variation in variety in fruit and vegetables. Greater variety can possibly be achieved by combining different dietary assessment methods, e.g. a dietary history method and an FFQ, or by extending an FFQ with questions on less commonly consumed fruit and vegetables during the season that they were on the market (19) . After adjustment for quantity of fruit and vegetables, we found no clear associations between variety and incident CHD or stroke. Consistent with results of previous cohort studies, we found that a more varied fruit and vegetable consumption is accompanied by higher amounts of fruit and vegetables (17) (18) (19) (20) (21) . Our reported correlation coefficients between variety and quantity were comparable to those found among American adults of the Nurses' Health Study and the Health Professionals' Follow-up Study (r 5 0?77 for fruits; r 5 0?73 for vegetables) (18) . It is possible that after adjustment for quantity the potential benefits of a varied fruit and vegetable consumption were overadjusted.
Fruit and vegetables are rich sources of micronutrients and bioactive phytochemicals that may play an important role in the prevention of CHD and stroke and are relatively low in energy density (28) . We found that more variety in fruit and vegetables was associated with higher intakes of vitamin C, carotenoids, flavonoids and dietary fibre. This is in line with a previous study showing that variety within fruit and vegetables was correlated with nutrient adequacy (29) . Variety in fruit and vegetable consumption may promote higher intakes of total fruit and vegetables and thus micronutrients and bioactive compounds. These compounds may act synergistically to prevent CHD or stroke (11) and this supports the current recommendation to eat a diet rich in fruit and vegetables daily (12) . Particularly, eating a variety of nutrient-dense foods between and within basic food groups may ensure that adequate amounts of micronutrients and bioactive compounds are consumed. This has been translated in the 2010 USDA Dietary Guidelines for Americans as 'choose a variety of fruit and vegetables daily' (12) . The implication of this recommendation, however, is unclear because variety was not defined. In different studies in which variety scores were calculated based on FFQ data, different time periods were used, e.g. per month, per 2 weeks or per week, and fruit juices and sauces or herbs were included in the definition (17) (18) (19) (20) (21) . A clear definition of variety is urgently needed to examine the importance of variety in relation to CHD or stroke.
Conclusions
We found that greater variety in fruit and vegetable consumption was accompanied by higher intakes of fruit and vegetables and of micronutrients and bioactive compounds. Evidence from the present study does not support the recommendation to consume a variety of fruit and vegetables to lower CHD or stroke risk. Results from prospective cohort studies with more detailed data collected with different survey methods on variety are needed to investigate the importance of variety in the prevention of CHD and stroke.
